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RESEARCH MEMORANDUM

INVESTIGATION OF THE NACA 4-(5)(05)-037 SIX- AND EIGHT-BLADE,
DUAL-ROTATION PROPELLERS AT POSITIVE AND NEGATIVE THRUST
AT MACH NUMBERS UP TO 0.90, INCLUDING SOME AERODYNAMIC
CHARACTERISTICS OF THE NACA 4-(5)(05)-0OL1l TWO- AND
FOUR-BLADE, SINGLE-ROTATION PROPELLERS

By John H. Walker and Robert M. Reynolds
SUMMARY

An investigatlon has been made to determine the aerodynamic charac-
teristics of the NACA 4-(5)(05)-037 six- and eight-blade, dual-rotation
propellers when operating at posltive and negative thrust at Mach numbers
up to 0.90 and when opersting at nesr static conditions. The duasl-rotstion
propellers were operated in comblnetion with a long spinner and at blade
angles from -20° to TO°. The aerodynemic characteristics of the six-
blade propeller when operating at posltive thrust with an NACA l-seriles
spinner were also determined through a Mach number range from 0.60 to 0.90
for a blade angle of 65°. Results of limited tests made to determine the
serodynamic characteristics of the NACA 4-(5)(05)-0O41 two- end four-blade,
single-rotation propellers when operating at negative thrust are also
included for comparison. All tests were made at an angle of attack of 0°,
and the mgjority of tests were conducted at a Reynolds number of 1.0
.million per foot.

The performance of the dual-~rotation propellers was not adversely
affected by compressibility up to a Mach number of about 0.65. At this
Mach number, and for a blade angle of 650, the six-~ and eight-blade
propellers had maximum efficiencies of about 85 percent.

Increasing the total solidity by increasing the number of blades from
six to elght resulted in a nearly proportiomal increase in power gbsorption
with an accompanying decresasse 1n maximum efficiency of about 2 percent.

The efficiencies of the propeller in combination with esn NACA l-series
spinner were lower, by gbout 2 percent, than those of the propeller with
& longer spinner,

There were no significant compressibllity effects on the negative-

thrust characteristics of the dusl-rotation propellers up to a Mach number
of 0.60.
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The thrust per horsepower for opersastiont ¢of the six- and eight-blade
propellers at near static conditions veried with power disc loading as
predicted by actuator-disc theory for stetic condlitions, but the values
measured were lower by about 28 and 26 percent, respectively. For the
design power disc loading of gbout 21 horsepower per square foot, the dual
propellers produced about three pounds of thrust ‘per horsepower at near
static conditions.

INTRODUCTION. --

The high power available from modern gas-turbine engines has indicated
e need for additionsl research on propellers. This is especilally true in
regard to dual-rotation propellers since the advantages of these propellers,
over the single-rotastion type capable of absorbing equal power, are smaller
diameter, higher efficiency, sbsence of reaction torque, and lees noise.
However, the increased welght and complexity of the dual-rotation propeller
ere disadvantages that must be considered. Whereas much research has been
conducted on single-rotation propellers during the past five years, such
ag reported in references 1 to 7, only limited resedarch on dual-rotation
propellers has been carried out durlng this period. One investigation of
a dual-rotation propeller (ref. 8) has been carried to high subsonlc speeds
but the propeller uged for those tests was designed for an advance-diameter
ratlo of 7.15 which is considerably higher than the advence-diameter ratios
being considered for current designs.

In addition to the need for more data in the positive-thrust range,
there has been an increase in the demand for dsta on propeller performance
characteristics In the negative~thrust range, because of the desire %o
utlilize the negative thrust for landing and maneuvering and because of
the need to calculate the extremely large drag of turbine-engine-propeller
combinationg which results in the event of engine failure. To alleviate
the large drag forces which result when the propeller ig driving an engine
requires sutomatic progeller controls to elther declutch the propeller __
from the engine or feather the propeller. The design of these controls
requires detailed information on the thrust-torque characterlstics of the
propeller throughout a wide range of propeller blade angles and alrapeeds.
There are availeble & mufiber of reports relating to the performance of _
propellers operating at negative thrust. Howevér, most of the data, such
ag those presented in reference 9@ for propellers of older design and 1n
references U4 and 5 Tor pFopellers of more current design, were obtailned
at low speeds. The negatlive-thrust characteristice ¢f a three-blade
propeller of current design operating at Mach numbers up to O. 80 are
presented in reference 6.

Inasmuch as one of the greatest advantages of the turbine-propeller
combination over other means of alrplane propulsion is the reduction in
take-off run resulting from the large thrust avalleble at low speed, there
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is a need for additional date pertaining to the thrust-torque relation-
ship for propellers at static and near static conditions. The most
recent data concerning this condition for single-rotation propellers are
reported in references 4, 5, 6, and 10; and results of previous investi-
gations of numerous single-~ and dual-rotetion propellers are correlated
in reference 11.

An investightion has been made in the Ames 12-foot pressure wind
tunnel to provide additional data useful in the design and Jdevelopment
of modern high-speed propellers. Presented herein sre the force-test
results for the NACA k-(5)}(05)-037 six~ and eight-blade, dual-rotation
propellers when producing positive and negative thrust at Mach numbers to
0.90 and when producing positive thrust at near static conditions. Com-
parisons have been made to show the effects of total solidity, of spinner
shape, and of blade-angle differential between the front and rear units of
the dual propeller. Results of limited tests of the NACA L-(5)(05)-0LlL
two- and four-blade, single-rotation propellers are included for purposes
of comparison., All tests were made at an angle of attack of 0° and most
of the data were obtained at a Reynolds number of 1.0 million per foot.

NOTATION

a speed of sound . -

B number of blades

b blade width g
C ower coefficient, ———
p P © > pn®DS

CP‘ power coefficlent corrected for activity factor, integrated 1ift
coefficient, and thickness ratio (ref. 11)

Cp  thrust coefficient, ——g%;
pn

clg blade section design 1ift coefficient

propeller diameter

maximum thickness of blade section

v
advance-diasmeter ratio, ;é%

D
HP horsepower
h
J

M Mach number, %




B

? H W

B

tip Mach number, Ma/ 1+(x/J)2
propeller rotational speed
power

propeller tip redius
Reynolds number per foot, %g
blade section radius

propeller disc ares

thrust

T .

thruet coefficient
? PR

velocity
equivalent free-air velocity
propeller blade angle at 0.75 R

design propeller section blade angle
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difference in blade angle between the front and rear components of

the dual-rotation propeller, Br - BR
Cp
efficiency, — J
Cp
alr viscosity

alr density

Subscripts

front component of dual-rotation propeller

rear component of dual-rotation propeller
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MODEL AND APPARATUS

1000-Horsepower Propeller Dynamometer

The 1000-horsepower propeller dynamometer used for this investiga-
tion in the Ames 12-foot pressure wind tunnel is described in reference k.
The dynemometer was modified for the testing of dual-rotation propellers
by the lnstallstion of a gear box within the dynamometer housing and a
torgquemeter on each of two concentric propeller drive shafts. The rota-
tional speeds of the front and rear propellers were the same. The torgue-
meters were mounted in such & manner thet mechanical losses in the gear
box were not present In the measured torque. The only frictional losses
included in the measured torque were from a roller bearing and e neoprene
pressure seal between the propeller shafts, and from the carbon-ring
pressure seal described in reference 4. These losses were smaell and were
accounted for by calibrations., A photograph of the dynamometer with the
six-blade, dual-rotation propeller is shown in figure 1.

Propelliers

The NACA 4-(5)(05)-037 six- and eight-blade, dual-rotation propellers
and the NACA 4-(5)(05)-041 four-blade, single-rotetion propeller (described
in ref. 4) were models of propellers designed for the following full-scale
conditions:

Altitude, FE & ¢« ¢ o ¢ o « ¢ o o o o a s o s e o o« « « o 35,000
Moch NUMDEY & o o o« o « o ¢ o o o s o s o o « o s » o @ 0.80
HOTBEDOWET o o o o« o o o o o o o o o s s o o s o o o o o 5,600
Advance-diameter ratio
Six- and eight-blade dual . . ¢ ¢ o « o s « ¢ o s « s b2
Four-blade single . . 4 ¢ ¢ ¢ o o o « o ¢ s o ¢ o o o o 3.7
Dismeter, ft
Six-blede dual . . e 8 8 © o e & 6 o 8 & & s o e e » ° o o 19
Eight-blade dU8L « o « « ¢ o « o o « s« o « o a « s« o« o o 18
Four-blade single ., o o o s s o e o o o 23

1.0 3
Total activity factor, 109,000 B‘/P <b- £ dl z
16 0.2 D R R
SiX—blade dual . . . L . L) . . L) . . . . . ° . . . L - - 69""

Eight-blade du-a.l & 8 e o & e © & s e & s e o & ¢ * e+ & 925
FO‘(JI‘—blad.e Single . . L] . . . . . L) e . . . . L . . . . 51""

The NACA 16-series airfoil section was used for the blade sections.
Blade width ratio, thickness ratio, section design 1ift coefficient, and
twist distribution are shown by the blade-form curves in figure 2. It may
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be noted that for this investigation, the four-blade propeller described _
in referentce 4 was modified inbosrd of r/R = 0.25, i

Except for total solidity, the NACA 4-(5)(05)-037 six-blade, duasl-
rotation propeller was identical to the eight-blade propeller and the
NACA 4-(5)(05)-0Ul two-blade, single-rotation propeller was identical
to the four-blade propeller,

Spinners

Most of the tests of the dual-rotation propellers were made with s -
spinner having a meximum diameter of 6.51 inches and a length of » -
22,71 inches. The forward portion (9.77 inches) was contoured to the -
NACA l-series profile. This long spinner was used so the inboard blade :
sectione would operate in s nearly uniform sir stream. A photograph and
detai%s)of thig spinner, designated as apinner A, are shown in figures 3(a)
and a

1ok

1

Limited tests were made of the six-blade,_dual-rotation propeller
with en NACA 1-46.5-085 spinner (ref. 12), having a maximum diemeter of .
T7.23 inches and a length of 13.22 inches. This spinner is designated as
gspinner B and is described in figures 3(b) and 4(b).

The NACA 1-46,5-047 spinner (ref. 13), having a maximum diameter of
6.51 inches and & length of 6.58 inches, was used with the single-rotation
propellers. A photograph and detaills of this spilaner, deslgnated as
spinner C, are shown in figures 3(c) and 4(c).

The platform junctures used with each propeller-spinner combination
are alsoc shown in figures 3 and k4.

Instrumentation and Calibrations

The 1nstrumentation of the dynamometer for the single-rotation pro-
peller tests was identical to that described in reference 4. The dual-
rotation dynamometer instrumentation differed only in that there were two
torquemeters. They were Bimilar in design and operation to the torquemeter e
uged for the single~rotation dynamometer, each having hslf the capacity
and twice the sensitivity of the single-rotation torquemeter. The torque . -
nmeasured by each torquemeter was indlicated by a manusl balancing potentio- :
meter. A deseription of the methods used in calibrating the thruet gages
and torquemeters, and a discussion of typical calibratlon results are
presented in reference 4.




NACA RM ASLG13 m 7

TEST CONDITIONS AND REDUCTION OF DATA

Preliminary tests were made with the six-blade dusl-rotation propel-
ler to determine the rear blade angle setting (BR) that would cause the
rear component of the propeller to gbsorb the same power as the front com-
ponent near the advance-diameter ratic for maximum efficiency. The opti-
mum blade-angle difference (AR = optimum) determined from these tests is
shown as a function of the front blade angle (BF) in figure 5. Subse-
quently, the thrust, torque, and rotational speed were measured for the
Bix- and eight-blade, dual-rotation propelliers for both the optimum blade-
angle settings (fig. 5) and the design blade-angle setting (AR = 0.8°) for
the various values of front blade angle and Mach number shown in table I.
Also shown in table I are the conditions for the limlted tests of the two-
and four-blade, single-rotation propellers.

Propeller thrust as used herein is the algebraic difference between
the longitudinal force produced by the propeller-spinner combination and
the longitudinal force produced by the spinner alone et the same air veloc-
ity and density. The method used in determining the propeller thrust is
discussed in detail in reference 4.

The total torque required for operation of the dusl-rotation propeller
was ascertained by adding the torgque of the front and rear components.
Torque was determined for each component by the method described for the
single-rotation propeller in reference kL,

The Mach number used in this report is the average Mach number over
the disc area determined by the veloclty surveys reported in reference k.
The alr-stream velocity (and, consequently, propeller advarice-diameter
ratio and efficiency) was corrected for wind-tunnel-wall constraint on the
propeller sglipstresm by the method of reference 1L. Experimental data have
shown good agreement with the correction presented in figure 6 (see refs. 4
and 6), The data included herein are for advance-diameter ratios at which
the thrust-coefficient parameter (Tc/l-M?) was greater than -0.55.

Anslysi8 of the accuracy of the separate measurements of thrust,
torque, and air-stream veloclity indicate that errors in the propeller
efficiencles reported herein are probably less than 2 percent.

RESULTS AND DISCUSSION

Most of the results of this investigation are presented graphically
in figures 7 through 3L4. An index of these figures is presented in
table IT and gives the propeller configuration and the range of variables
for each figure. Inasmuch as 1t did not appear advantageous to plot the
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individual power coefficlents for the front and rear propeller units at
conditions of negative and near static thrust, these data have been ¢

tabulated in tebles III to V,
Pogitlve Thrust

Effects of Mach number.- The effects of Mach number on the serody-
namic characteristics of the propellers are shown in figures T through 17.
The over-gll propeller characteristics are presented in figures 7T
through 12, and the power coefficlents for the front and rear components
of the dual-rotation propellers are shown in figures 13 through 17.

The effects of Mach number on maximum efficlency are shown in
figure 18, As previously shown in other investigations, propeller effi-
ciency losses due to compressibility effects were delayed to higher Mach
numbers by increasing blade angle. The highest Mach number at which the
dual-rotation propellers with spinner A operated without marked compress-
ibility losses wae sbout 0.65 for a blade angle of 65°, at which condition
the propeller efficlency was about 85 percent. Maximum efficiency of the
six-blade propeller veried from 87 percent at a Mach number of 0.40 -
to 61 percent at a Mach number of 0.8k,

As shown in figure 18(f), the maximum efficlency of the two-blade
propeller compares favorably with the resultes from reference 4 for the
four-blade propeller at e blade angle of 60°, -

The variation of meximum efficlency with advance-diemeter ratia-fbf’
the dual-rotetion propellers is shown in figure 19. Figure 20 presents
the variation of meximum efflciency with tip Mach number. These data,
in conjunction with figure 18, indicate that at Mach numbers above 0.80,
higher efficiencies could probably be obtalned by operation ¢f the pro-
pellers at lower blade angles and lower advsnce-diameter rafios.

Comparison of the characteristics of the six- and eight+blade, dual-
rotation propellers.- As shown in figure 21, the basic characteristics of
the six- and eight-blade propellers are in good esgreement when compsared
on the basis of equal total activity factor. At all except the highest
Mach numbers, the maximum efficiency of the elght-blade propeller was
about 2 percent below that of the six-blade propeller, as shown in o

figures 18 and 19. _ . . _ o

In the following table the full-gcale characteristics of the six- and
elght-blade, dual-rotation propellers at the design Mach number (0.80) and
altitude (35,000 feet), calculated from the data in flgures 7 and 8, are
compared with the design characteristics calculated by the method of” .
reference 15 with asn sssumed loss in efficiency of 8 percent due to com- -
pregsibility effects,. ' ' T - :

.
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Condition for B = 6 | Condition for B = 8
Charac-
teristics {pegign| A | B | ¢ |Design| A | B | G
HP 5600 |5600|5600 6240 | 5600 | 5600 |5600]8100
1 0.80 |0.64{0.65(0.65}| 0.80 |0.62{0.62|0.65
J 4.20 |4.20{3.943.87| k.20 | k.20]Lk.10{3.80
By 63 67| 65} 65 63 661 65| 65
Cp 1.81 {1.81{1.50|1.58] 2.02 [2.02[1.88(2.17
T 3160 |2530(2570 |2860| 3160 | 2450 2450|3700

Condition A shows that for operation at the design power and advance-
dismeter ratio, blade angles higher than the design value would be required,
By reducing the advance-diameter ratio and blade angles, the efficiency
would be lncreased slightly as indicated under condition B for the design
horsepower. To enable the propellers to operate with maximum efficilency
at the design Mach number would require a further reduction in advance-
diameter ratio and an increase in power as shown under Condition C. At
the design Mach number of 0.80, there was no operating condition where the
efficiency approached the cslculated value of 0.80. Subsequent calcula-
tions for the eight-blade propeller using the method of reference 16 and
the airfolil section data from reference 17 indicated a still higher effi-
clency of 86 percent. The calculated efficiencies for the deslgn condition
are unrealistically high primarily because losses due to compresslblility
occurred at a considerably lower Mach number than the calculations indi-
cated. Figure 20 shows that at the design tip Mach number of 1.0 and a
blade angle of 650, the maximum efficiency had decreased more that 20 per-
cent from its low-speed value whereas the anticipated decrease was about
8 percent.

In consideration of the effects of compressibility with regard to the
splnner, it would be expected that with the shorter splinmexr (spinner B),
the local velocities on the inner portion of the propeller blades would be
conslderably higher than the free-stream Mach number and, as a result, it
would be anticipated that calculations based on free-stream conditions
would overestimate the Mach number for the onset of compressibility effects.
With the long spinner (spinner A), however, the local velocity at the blade
shank is calculated to be only ebout 1 or 2 percent higher than the free-
stream velocity, and it should be possible to neglect this veloeity incre-
ment in the propeller performance anglysis without introducing large losses.
While the effect of the propeller inflow on the drag of the long spinner
would be expected to be of gppreciable magnitude, it would not be antici-
pated that this contribution would be particularly dependent on Mach number
below a Mach number of 0.85 or 0.90.

In regerd to the alrstream velocity it may be stated that the velocity
surveys (ref. 4) which were used to establish the free-stream Mach number
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were carried out in such & manner that it 1s difficult to conceive them
to be in error by a signiflcant amount. However, there is no way to eval-
uate accurately the effect of the propeller slipstream on the flow field
induced by the dynamometer gtructure. It is felt that this effect of
slipetream was small, as indicated by the data in reference 4 which show
no large effect of Mach number on the velocity induced by the dynemometer.

A point that should be made with regard to the calculated performance
is that at the design condltion, the sectlons of the propeller ocutboard
of 0.T7T0 radius were operating at Mach numbers between 0,90 and 1.0. The
section date used in the performance calculations are of doubtful accuracy
in this Mach number rsnge, snd recent section data presented in reference 18
have shown effects of camber contrary to the results given in reference 17.

In summery of this discussion of the propeller efficiency at the
design condition, it can only be gtated that losses due to compressibility
effects began to rise at a lower Mach number than the calculated value.
Aside from questioning the validity of the section data used in the per-
formance calculations, no other reason for this dlscrepancy ie known.

Comperison of the propeller characteristics for the optimum AB and
a Af of 0.89,- As shown in figure 22 for the six-blade dual-rotation
propeller, and as would be anticipated, the effect of increasing the blade
angle of the resr componernt (changing from optimum AB to A = 0.8°) was
to increage the power coefficient for the rear component at a given advance-
diemeter ratio, with a corresponding increase in thrust coefficient. More-
over, 1t is shown that there was no significant difference in the power
absorbed by the front component with change in the rear blade angle.
Figure 22 also shows, for By = 65° and Mach numbers from 0.60 to 0.80,
that the front and rear complnents absorbed equal power at an advance-
diameter ratio near that for maximum efficiency with the optimum A
setting. However, the rear blade angle used for the optimum setting with
B = T70° appears to have been somewhat low for Mach numbers above 0.70
(see figs. T, 13, and 15).

Comparisons of the data in figures 18 and 19 show that for both the
gix- and eight-blade, dual-rotation propellers, the maximum efficlency
obtained with AB = 0.8° was generally lower, by about 2 percent, than
that with the optimum AB setting.

Effects of spinner length and of sealing the gaps at the platform
propeller-spinner junctures.- The results of limited tests of the six-
blade, dual-rotation propeller using spinner B are presented in figure 10
and summarized in figure 18(e). In genersgl, the efficiency of the pro-
peller with. this spinner wes about 2 percent lower (figs. 18(e) and
20(c)) than with spinner A, It is believed that this is due to the higher
velocities over the inboard propeller-blaede sectlons with the shorter
spinner, similar to the results reported in reference k4.
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As shown in figure 23, sealling the gaps between the propeller blades
and the platform junctures had no significant effect on the propeller
characterisgtics.

Negative Thrust

The effects of Mach number on the characteristices of the propellers
when producing negative thrust are shown in figures 24 through 29 and ‘in
tebles ITT. and IV, Negatlve-thrust characteristics are shown, for Mach
numbers sbove 0.15, on plots with tangent coordinates which ensble cover-
age of the full range of test results.

Similar to results reported in reference 6, it can be shown from the
data presented in figure 30 that there was practically no effect of com-~
pressibility on the negative-thrust and torque characteristics of the
dual-rotation propeller for Mach numbers up to 0.60.

The basic negetive-thrust characteristics of the six- and eight-blade
propellers are in good agreement when compared on the basis of equal total
activity factor. This is shown for Mach numbers of 0.15, 0.60, and 0.80
in figure 30. Also, comparison of the data presented in figure 31, zgain
on the basis of equal activlity factor, indicates good agreement between the
negative-thrust charascterigtics of the two- and four-blade, single-rotation
propellers. It can be shown that the negative-thrust data for the single-~
rotetion propellers, after correction for activity factor, compdre favor-
gbly with those for the dusl-rotation propellers at a Mach number of 0.15
(date in fig. 31 compasred with those in figs. 30(a) and (b)), but do not
compare well for the higher Mach numbers (comparing corresponding deta of
figs. 28 and 2k, for example).

Near Static Thrust

The characterisgtics of the six- and eight-blade propellers at low
forwvaerd speeds are presented in figure 32 and teble V. The velocity of
the air in the tedt section for these tests was produced by the model
propeller itself and thus varied with propeller rotational speed and
blade angle as shown in figure 32.

The abrupt decrease in thrust coefficient and increase in power
coefficient at values of nD below 60 (fig. 32) are similar to results
reported in reference 6 for a three-blade propeller and are believed to be
due to the effects of Reynolds number on the blade section characteristics.,

The data in figure 32 were used to determine envelope curves for the
variation of thrust per horsepower with power disc loading for the six- and

-
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eight-blade, dual-rotation propellers. These are shown in figure 33,
together with similar experimental results for the four-blade propeller .
(computed from fig. 8 of ref. 4) and the theoretical ideal curve for the
static condition computed by the method of reference 19, For all power
disc loadinge, thrust per horsepower increased with increasing number of
propeller bladeg. For the design power disc loading, approximately 21
horsepower per square foot, the déial propellers produced about 3 pounds

of thrust per horsepower at near gtatic conditions. The experimental
thrusts per horsepower for the six- and eight-blade propellers were approx-
imately 72 and T4 percent, regpectively, of the theoretical ideal values,
That the thrust-per-horsepower values for the dual-rotation propellers

are higher than those reported for single-rotation propellers in refer-
ences b, 5, and 6 is probably due to lower rotational losses for the dual-
rotation propellers. The extrapolation explained in the followlng para-
graph indicates that the experimental thrust per horsepower would be about
20 percent higher if the .date were for & true static condition.

The variations of thrust per horsepower with power coefficlent for
the six~-blade dual-rotation propeller at near static conditions and at
zero velocity (obtained by extrapolation) are compared in figure 34 with
correlated static data (from ref. 11) for five other six-blade dual-
rotation propellers having NACA l6-geries sections. The values shown for
the near static condition were calculated using the data in figure 32(a),
and the values given for the zero-veloclity condition were obtained by a
gtraight-line extrapolation of the thrust and power coefficients as a func-
tion of test-section velocity using the data from figures T(a) and 32(a).
The power coefficient used in this figure was corrected for activity
factor, integrated 1lift coefficlent, and thickness ratio in accordance
with the method of correlation of reference 11, These results show that
the effect of small forward velocities on the thrust per horsepower was
substential, if the extrapolation procedure ig v&lid. The agreement between
the extrapolated results for zero veloclty and the results presented in
reference 11 ig only fair.

CONCLUDING REMARKS

The following remarks msy be mede regarding the results of the sub-
Ject investigation:

The hlghest Mach number at which the gix- and eight-blade, dual-
rotation propellers operated without marked compressibility losses was
about 0.65 for a blade angle of 65°, at which condition the efficiency of
both propellers was 85 percent. The effects of c¢ompressibility on maximum
efficiency were similar to those reported in previous investigations, indi-
cating that for Mach numbers sbove some value (for these propellers, sbout
0.80) higher efficiencies would be obtained by operation of the propellers
at lower advance-diameter ratlios and lower blade angles.
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Increasing total solidity by increasing the number of hlades from
six to eight resulted 1ln a nearly proportional increase in power gbsorp-
tion with an asccompanylng decrease in maximum efficlency of about 2 percent.

Lower efficiencies, by sbout 2 percent, were obtained for the propel-
ler In combinatlon with an NACA l-serles spinner as compared with those
obtained for the propeller wilth the longer spinner. This result is attrib-
utable to the effects of the nonuniform flow field of the l-series spinner
and is similar to results reported for the NACA 4-(5)(05)-041 four-blade,
single-rotation propeller with l-series and extended cylindricel spinners.

There were no significant effects of compressibllity on the negative-
thrust cheracteristics of the dual-rotation propellers up to a Mach number
of 0.60. When compared on the basis of equal total activity factor, the
negative-thrust characteristics of the gix- and eight-blade propellers
were in good agreement.

The thrust per horsepower of the six- and eight-blade propellers at
near static conditions varied with power disc loading as predicted by
actuetor-disec theory for the static condlition, but the measured values
were lower by sbout 28 and 26 percent, respectively. For the design power
disc loading, approximately 21 horsepower per square foot, the dual propel-
lers produced sbout three pounds of thrust per horsepower at near static
conditions.

Ames Aeronauticsl Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., July 13, 1954
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TABLE I.- BLADE ANGLES AND MACH NUMBERS FOR TESTS OF VARIOUS PROPELLER CONFIGURATIONS

Mach Propeller blade angle, B or pp, deg
mumber| 70 | 65 ] 60 SO SO0 25 126,151 1 5 [ 0 =5,-10,=15 <20
N0 - | - - - | -e]-=]--]--] a ab a | -«|-- - ~—
A5 | - -] - - - =] =-]- =] «= | == | afg | abfg | afg | afg |abfg a ab
20| -] == |eclem]--lablalec] = |-=-fj=-]-=~ -- -
Jdo | ~-f v ab |eb|abf{ab|a |- -] - - |--|--[-- - - --
50| --] -- g lem| £ ||| --|--|[--]-- - - --
.60 | - - | labede | abf | ab |abf| ~= |- = =] - = |- =|--]- - - .- -
.70 | ace | *abede | abf | ab | abf| we == [~ = - - -] -] =-- - - - -
9 | ace| abede | ab (ab | 8D | ma |e= = =] =« |- o] = =]~ - - - - -—
B0 | ace | abede |abf | b |- =] ~= |en e =] == | =< =--]- - -- - --
Bh | ace| abecde | @b |-~ |~ | - |-~} -] - = [-=|--|-- --- -
90| e cde | = = |em | e ac |mc] -] = |-=-]--]-- - - -
Config- )
uration Propeller Spinner Af, deg Thrust
a 6-blade  dual-rotation A optimum positive and negative
b B-blade dual-rotation A optimum positive and negative
¢ 6-blade dual-rotation A 0.8 positive and negative
d 6-blaede dual-rotation B 0.8 positive thrust only
e 8-blade dual-rotation A 0.8 positive and negative
f 2-blade single-rotation c - - positive and negative
g h-blade single-rotetion c - - negative thrust only
1Repeat runs with the platform gaps sealed, configuration a only.

o=
B
[
oy
=
>
O
&
'—l
)
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TABLE IT.- INDEX OF DATA FIGURES
Number Front Reynolds
Figure 55 of Mach number blade number
mmber Plot Propeller| geg [biades, H | engle, | SPimner] per gy,
B g, deg Rnxi0= ¢
Poslitive thrust
7 Cp,Cp,n,My vB. T Dusl Optimum 6 0.15 to 0.84] 15 to 70 A 1.0
8 Dual Optimm 8 0.15 to 0.8%] 15 to 65 A 1.0
9 Dusl 0.8 6 0.60 to 0.90 65,70 A 1.0
10 Dual 0.8 6 0.60 to 0.90 B 1.0
11 Dusl 0.8 8 0.60 to 0.90 65,70 A 1.0
iz v Single — 2 0.50 to 0.80 60 c 1.5
13 Cpps Cpg V8. J Dusl Optimum 6 0.15 to 0.84| 15 to TO A 1.0
1k Dual Optimum 8 0.15 to 0.84| 15 %o 65 A 1.0
15 Dual 0.8 6 0.60 to 0.90 65,70 A 1.0
16 Dusl 0.8 6 0.60 ta 0.90 65 B 1.0
7 A 4 Dual .8 8 0.60 to 0.90 65,70 A 1.0
18 Nmax V8. M Dusal Cptimum | 6,8 0.15 t0 0.84} 15 to TO A 1.0
18 Dusl 0.8 6,8 0.50 to 0.90 65,70 A 1.0
18 Dual 0.8 6. 0.60 to 0.90 65 B 1.0
18 v Single -_— 2 0.%0 to 0.T0 50,60 c 1.5
19 Tmax V8 7 Dual | Optimum | 6,8 | 0.15 to 0.84] 15 to TO A 1.0
19 Dual 0.8 6,8 0.60 to 0.90 65,T0 A 1.0
20 Tmax V8« Mg Dusl Optimm { 6,8 —— 15 to TO A 1.0
20 Dusl 0.8 6,8 ——— 65,T0 A 1.0
20 Dusl 0.8 6 —~— 65 B 1.0
=i i Cp,Cp,m v8. J Dual Optimm | 6,8 0.40 to 0.80 65 A 1.0
bop Dual 0.8 6 0.60 to 0.80] 65,70 A 1.0
€23 ‘], Dual Optimm 6 0.60 to 0.80 65 A 1.0
Negative thrust
2L Cp, CP V. J Dual Optimum 6 0.15 to 0.84|-20 to TO A 1.0
25 Dual Optimum 8 0.15 to 0.84]-20 to 65 A 1.0
26 Dual 0.8 6 0.60 to 0.90 65,70 A 1.0
27 Dual 0.8 8 0.60 to 0.90 65,70 A 1.0
28 Single — 2 0.15 0 to 25 c 1.0
28 Single — 2 0.0 to 0.80 50,60 c 1.5
29 Bingle —— L 0.15 0 to 25 e 1.0
430 CpsCp vE. Bp Dual Optimm | 6,8 0.15 to 0.8%|-20 to TO A 1.0
31 Single _— 2 0.15 0 to 25 c 1.0
3 Single. -— L 0.15 0 to 25 c 1.0
Rear static thrust
32 Cmp,Cp,V vs. oD Dual Optimm 6 PY 10 0 25 A -—
32 Dual Optimum 8 X0 15,20 A —
33 T/HP ves. HP/S Dual Optimm{ 6,8 - -— A —-—
3% T/HP va. Cp' Duel | Optimm| 6,8 = — A —

8comperison of the 6- end 8-blade date for A8 = optimum.
boomparison of the 6-blede dets for AB = optimm and A8 = 0.8°.

CEffect of seeling the juncture gep.

dpats for B = 8 shown for M = 0.15, 0.60, and 0.80.

S,
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TABIE ITT.- NEGATIVE-THRUST CHARACTERISTICS OF THE NACA 4-(5)(05)-037 SIX-
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, AR = OPTIMUM - Continued
(a) B = 6 - Continued

O K | Brs 7
deg Cr Cer Cpp ¥ g:é § deg
0.M| 1 =0.241 -0.11 | -0.13 o060 350 0.70{ %0 6.65
1:% - =1k ~36 » 3.80 T.51
1.83 - =17 -19 3.89 8.23
1.9% - -.20 -21 [T 9.09
a.oz - -2 2k w57 9.85
2.1 -.50k -.2% -27 5.06 10.92
2.2k -.556 -7 ~.30 .85 1k.52
2.3k -.ggg -.30 -.32 6.5 19.81
2.3 = -.33 -.3% 7.8k 2h.86
2.5 ~.718 -.35 "ﬂ 8.79
2.6% -.g -.ia - 9.73 % | 3.20
2.83 - =43 ~ih 10.68 3.29
3.03 =961 -.kg --;z 18,59 3.39
3.22 | 203 -5 - 19.5 3.k
3.h2 | ~L.2T6 -.63 - 2k T1 3.%9
i-‘!l =148 =13 =.T0 29, 3.70
oL | -1.673 -.86 -.80 3.8
k.39 -1.996 =1.05 =Gk - 3.2k i-90
85 | ATk [ -2.29 | -7 3.3% .00
5.85 | -3.535 | -.87 | -1.67 3.4 .09
6.83 =.63 | 227 3.53 A.20
7.80 | -6.319 | -3.33 | -3.07 3.85 330
8.79 | -T.963 19 | -3.91 3.7 %50
9. 5. -5.12 .84 3.87 (%)
3.93 %.90
X | 1. =0k} .01 -03 k.16 5.29
2.0k -.112 ~.0k -.09 k.35 5.69
2.1{ ~-.179 -1 =15 k.95 6.11
2.2/ =288 =16 =21 k. Th 6.08
z.a =308 ~.22 -25 k.96 7.09
2. -.g =27 =29 2.56 .68
2.63 - -.g: -.g 6.13 .26
2.83 =356 - 6.TT 9.%9
3.12 -ETT - T.3 9.87
3.3 -8 --66 T.92 10.82
i.n -9TT -Th 8.90 .78
22 | -1.297 =95 9.91 19.23
.70 -1. -1.18 10.86 2k.78
5.k 2.2 -1.6e [14.83
6.46 -3. 2.2k 60 | 3.85
756 299 | -3.08 | -3.02 6o E:96 3.9%
8.h2 =3.517 -3.93 =3.5L 05 k.05
550 | T 2.3 | BT k. *15
b3 125
) 2.79 =055 <03 -.08 k.55 k.36
2.8 =110 ] -.1% TS 556
o e s N x5k %77
3. --293 -28 | - 5.4 k.96
3.7 - =2 =57 6.16 5.56
f"'e -85 e 6.Th 6.19
.09 =Tk - =85 T3 6.93
.49 | -911 | 73 | -1.03 7.2 7.96
5.00 | -L.15 =5k | -2.08 8.8% 8.9%
6.00 | =1.7aT | =L.-¥L | -1.87 9.87 9.83
6.9 <568 -2.0T | -R.86 10.86 10.92
7.6 | -3.280 | .13 j.hg 1h.82 12.93
8.95 | -k.213 | -3.53 .56 19.80 .52
9.96 ~3.27T0 .31 =3.T0 2k, 78 19.81
13.23 TOb | <8.23 | -10.60 £9.79 o7
16.39 | -1k.1T | -12.96 | -15.3T 29.77
-] %.93
55 | 3.86 Ik -1 %.99 6 | k.90
307 0L -.20 5.20 5.00
3.7 19 =31 5.%0 .20
3.98 =36 -.67 5.61 3.0
k.26 -.6L -.8% 5.8 5.60
.80 -85 -1.25 6.03 5.81
5.%9 -1.19 | -1.71 6.1 6.00
6.58 -1.63 | -2.36 6.0L 6.22
1.5 -2.2% -2.50 G.gi 6.1
B.gg -3.08 -LJH-; 6. 5.63
B 11 e T.01
12.99 -7.16 | -5.63 70 | 6.9
16.61 -12.69 | -18.02 o.70| 50 2.5 7.09
3.2 T.66
60 h.g .13 =15 3.12 8.28
k. =00 -0 3.23 9.09
ATL -27 =TS 3-? 9.8
5.06 -.32 =1.02 3.43 13.76
.72 oL =L.56 3.33 18.81
6.0k ~l.h | 2.1k 3.6h 23.7L
T.29 -l-gz -2.65 3.72 29.3k
B'E?r 2. =h.o1 3.82
9. =3.01L | -5.1k .52 0.75| 30 | 3.08
10.5% -3.8 -5.68 -Oi 3.19
k.1 3.29
60.60| 50 |2.70 0.03 -0.06 ».33 3.k0
2.79 -0 - 553 3.5
2.90 -09 -2 273 .&e
3,00 =27 -3 .90 .
3.10 - ...21 3.5L 2.30
3.20 .35 oAl 6.13 02




20 ‘l!lllllllllll NACA RM ASLG13

TABLE III.- NEGATIVE-THRUST CHARACTERISTICS COF THE NACA 4-(5)(05)-037 SIX-
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, AB = OPTIMUM - Continued
(&) B = 6 = Concluded

x | By J x|} Pr L u |2 3
or Crr Orx o or Cry Org - Cer
0.73] 50 | %20 | -0.883 | -0.8: | -0.51 0. 5.80 - -6l | -1.28 o0.80| 65 | .17 =.90
koo - -.g -1.01 B & 6.0 -.65% - -1,k 5-% -127
k.60 | -L. - -1.12 6.21 -8 | -1.07 | -1.33 5. ~L.70
79 ] -1.18 | -1.0 | -lae 6.2 787 § <121 | -1.66 5,80 2.0
5.08 | -1.3%2 | -1.19 | -L.37 6.61 - ~L.35 | -l.80 3.98 -2.30
5% | -1 -1.43 | -1. 6.8% =939 | 146 | -89 6.21 ~L.Th
5.68 -1.8%0 =1.67 -1.88
6.87 | -2.288 | 2.1 | -2.32 T | 6.8 -.189 BT - T0 | 6.37 -.29
T7.09 | =.825 | 2.63 -e.ﬂ T7.07 - 368 09 | -1 6.75 =93
769 | =3.361 | -3.1% :i 7.87 -.703 -8 | -l 7.15 ~1.43
8.28 | -3.98L | -3.T4 .02 8,70 | -1.03% | -1.60 | -2.7% T -1.80
8.89 ~k.638 -k, k72 943 -1.319 2,13 3. 8.12 =2.30
9.68 | -3.511  -5.28 | -5.63 11,81 | -2.287 | -k.oh | -B.T2 8.93 -3.03
10.70 =6.810 -6.52 ~7.00 16.8% | -5.210 =9.76 | -12.70 9.7 -3.82
.76 | -8.283 | -8.03 . 21.% | -9.3%e |-18.17 {-21.88 2.37 -6.63
3 ~12,983 | -12.57 |-13.5k 25,80 | -13.290 | ~26.6% -ggzg 17.63 -1h.56
20.29 |-2k.B4h [-25%.3k |-29.39 29.80 | -18.11% |} -36.20 |-%o., 2.75 ~2h.26
gh.32 |-35.358 |-36.65 |-3k.5 26.97 -3h
o.80{ 55 | 3.33 3.4 -k6.59
% | 3ak -.090 10 ~o16 3.k
3.2 -.136 .03 -2k 3.5 60 | 3.51 =03
3. -.213 ~.06 -.38 3.60 3.63 =36
3. ~.280 -1k - 3.7¢ 3.76 =31
333 ) -0 | -25 | -.& 3.80 ;-86 -aik
3.60 -.390 -3 - 2.93 06 68
3.73 - b7 -%6 -85 .12 k.16
3. =50k -.58 67 h.21 27
3.9 =55 - - A3l k.38
1k -.660 -9 =73 k.50 k.48
k.34 -68 | -.B0o | -.8% k72 458
h.:g =753 -.83 -9k k9% .68
&7 .83k -0 | -1 5.3 LT9
b5 - -9 | -1.1 5.70 3.0T
5.31L -1.097 -1.1k | -l 6.07 5.5
5.72 | <2.306 | -1.33 | -1.65 6.49 5.69
6.36 | ~1.60 | -1, 7k | -2.05 7.09 6.26
6.5 -2.007 -2.16 -2.47 T.72 6.87
T.91 2,73 2.5k -3.3k 8.23 7.85
8.31 -3.058 =3.29 -2.1'2 9.43 8.83
9.13 -3.78k <h.1r | -k.65 10.91 9.8
9.93 512 -5.05 | 5.6 12.39 10.33
10.97 -5.47: -6.30 -6.97 13.2 21.33
13,10 | -8.320 | -9.M |-10.17 16.89 12,86
16,06 | -12.7e3 -n.ﬁ «15.66 21.8 1459
21.61 |-23.075 |-26. -27. 17.%%
s | 3.69 22.53
60 3.8% =02 <18 =08 3.80
3.9 =108 09 -.23 3.89 65 k50
P -.173 .02 - 3.9 %.60
h.12 -.245 -.08 -2 k.10 h.E_.
k2 -.30k -.16 - h22 k.
% -4380 -6 - 5.21 B.9L
ks -.hlz =35 =57 k.h3 5.13
.65 =303 -.60 -.gz A3k 5.33
%85 -.391 -85 - 5,63 5.56
5.16 -.712 -1.03 -1.08 Lh.Th 5.T3
5.;{ - -1. «2.33 [ ] 6.16
5. 1,006 | -1.3% | -1.57 %.33 6.%9
6.;2 -1.3T2 -1.79 -2.12 5.70 6,98
Te -1.6% | 2. -2.5 6.10 7.38
3.9: -2.007 -2, -E.u. 6.TL
95 -2 =3.43 =4.03 7.31 T0 5.78
9.93 -2-3 1 -k, =5.0k 7.9 5.98
10.91 -k, 127 BN =6.,20 8.88 6.37
12.95 -6.0k2 -8.1 -8.9% 9.91 6.76
15,90 | -9.489 [-12. -13-?; 10.81 T.19
20.9% | -16.739 | -22. -ak, 2.3 T.57
24,88 | -23.839 |-33.19 |-3h.k6 13.92 T.97
29.83 |[-3h.2m2 |-MB.9% |-B8.T3 18,72 18 8.75
21.60 | -18.9%6 | 26.56 | -271.51 9.73
65 | .89 -.0kT .31 -1k 10.19
k.98 -.093 24 =27 65 1 h.66 -.038 .33 -.09 11,18
5.18 -.212 .06 =58 5,75 =073 «30 -.18 12.66
5.5 -'R -.:;; -.15 :g‘é - 21 -.5‘ 1k.51
5.59 -3 - -l . -193 13 - 1T.33
22,69 -25.68
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Figure l.- Photograph of the 1000-horsepower dynamometer with the
NACA 4-(5)(05)-037 six-blede, dual-rotation propeller.
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(v) Spinner B. (¢) Spinner GC.

Figure 3.- Photograph of the spinners and platform propeller-spinner
Junctures.



All dimensionsg in inches

Propeller blades shown in developed plan form

Spinnera are confoured to the NACA I[-series profile (reference 12 )
Plotforms aline with blades when B =65° and Bp=64.2° (B=60* for single)

Platform coordinates
Tront Bear
I Ip ¥ | ¥
3.582 [2.890 [ B.h& | 3.085
( W 3,720 {2,924 | 8.820 | 3.6%5 (—P\
3.920 2.992 | 9.220(3,
I ' ‘320 3'167 gtm 3'%
4,720 |3.220 |10,020 | 3.
6.520 [3.220 |11.420 | 3.860
DA EEin
7706 e [ 120606 .%o
20.10
-
I ' .18
——I15.00 . !
End of spinner [+—592 001 E
cnnk:urg'r’ L 0.02 %, : 002

0.03—+g+ 0.03'.h %Tsa 3.;@
4 t

003 —1+0.03 5_425
g

o

—_ - ) i

vyY
hil

0.03+ '-3.fa 326

ge

- 3
e S chrr LN 658 \
End of spinner contour End of spinner contour

(n) Bpinner A. ' (v) Spinner B. (¢) SBpinner C.

Figure L.- Details of the agpinners and platform propeller-spinner junctures.

ETONCY WH YOVN



> For Bp less than 20° A B8=0° ,/
b

2
@
< —

"]
0
0 10 20 30 40 50 60 70 80
Front blade angle, Br, deg R

Figure 5.~ The difference between the front and rear blade anglea used for the optimm setting of
the dual-rotation propellers.

.2
A
3 \
>.. \ Theory (Ref. 14)
2 Ll
B N
2 S
-g_ \\\\
g 10 T
-6 -4 -2 0 2 4 6 .8 1.0
Thrust coefficient parameter, < e

I-M2

Figure 6.~ Tunnel-well-interference correction for a L-foot-diameter propeller in the Ames 12-foot

pressure wind tunnel.

ETORCY W VOVN

62



o3

9 36 .
=
8 32 é
o
S
7 28 2
o
=
6 24
-
© | &
£5 520
- 4 g 16}
» .
E [
- é [
3 12 -
2
" 2
o
-2 -a m
A 4
ob— o

4 8 L2 6 20 24 28
Advance - diameter ratio, J '

(8} M = 0.15 (b) M = 0.20

Figure T.~ Positive-thrust characteristics; NACA 4-(5)(05)-037 six-blede, dual-rotation propeller,
Ap = optimum, spinner A.

2
5
2
5
2




9 38
B 32
7| 28
L 24
o
o e
§20 b
2
o
S 16 il e e L
;

UCHLE T, i ll
FEITHITEN T s B i LETTEHEN I" A EhiE il
H lisilhiadlighidl

4 8 L2 18 20 24 28 32 36 4.0 44
Advance - diometer ratfio, J

(c) M= 0.40

Figure T7.- Continued.

o Fo
Tip Mach number, Mgy

N

l.o
8
F-
>
&
K
2
A%
i 2
0

ETORCY WM VOVN

Tt




32 | NACA RM A54G13

‘W ‘Jaqunu yoow dit L ' Kousplsa

IHLEH i

o © - = « @ < N

56

5.2

48

shiiEd AL
{

r 2
i

44

TR e

- i .;-r;q; l

36

3.2 I 36 40
Advance -diagmeter ratio, J

8

2

24

0

2

16

do ¢ 1431013900 Jomod

1.2

© 0 < )
1o ‘ epopyse00 seniyl

Y.

(d) M = 0,60

Figure T.- Continued,



Y tn =]

Thrust coefflclent, Cp

2]

Power coefficient , Cp

36

3.2

28

24

n
[=)

o

32 36 40 44 48 52 56 60 64 68
Advance -dlameter ralio, J

(e) M = 0.70

Flgure T.~ Continued.

» ]
¥ b HE i i ! Hilsiiidg 1 0
: - Al :
Ttk ilick i 0 9 1 H b Lia f o (o 0] I i1 L LK gt LA +LIL 48] Lz
t } ! i [ is] b T e [l 1 it
l O A o 0 B T e
el A | " ; . g1 liisH wf PR ). 1 R ! H 8
Uil AH] i ! H o P i ekt 1k 3 |'. L I e - L M B (e :Iili; ] DL DS L | A1 S B3 K ! tall *
i i i 1 3| [ it R !
H i il ER SRR it el it Al NEhELL AR i U A R e kH
1 Al FExEL]- I} oihi R 4
i R R L R TI]RGO AT M AT A W
i ! lilill LMlLE 4
il 111 Lidi 1 ol i e H IR0 iinn F IS It e e e | B L
A i i 14 ] B 0 S O i
TEH R TP R i S [ BR L B J,ﬂ HER Y
: [ H Rl i IR A L S DU R HI IEH B A R I R /
HITHE LilH B SUEEH EHE KH safb EHEN Bl P (L |.0
iy | ! I 1 I '::‘;i' LHHIH
1 K mHHIREHH SRR AN K q ! =Ll |
{0 Ak ! i [H it A
HERLEAT il [ | giftnl i ke ML o A O ot S el O B[ Hull
; lge i WA Ol { : il { | i Hinlli
I 2 SN L i 1HIH IR 1% T (A OO O 7 AT R B
It | by 1K il il g
LY i i i SRt t i i I TR et HiMh' 2l BTN A i3l '
| ] H I i
I i L d: ] [ il fipf: [
i k hi i L { 1 4
[l [H] 28 L] t Suikigh:, ! I il qin i i i ‘
1y 1 I ; il !
kll it AR b JIE i Il [IIEHiS N 1] i
i | 4
) it 20T E s T B | ] it LA alihl: i 2
Hitk T1id] ] e et o i HIghL M i !
K i P DR ) N A e {8
B L t A ]

Tip Mach number, M;

Efflclency,

ETOHSY WY VOVN

€€




Thrust coefficient, Ct
Power coefficient , Cp

'."Hl{- -"H,:-;I l:
H 31" HELH

T
QA EEEL T
r

32

EIT:

A
A I L 5 it o R S
44 48 5.2 56 60
Advance -diometer ratio, J

(£) ¥ = 0.75

Figure T.- Continued.,

7€

Tlp Mach number, M

Efficlency, 5

ETDHCY W VOVN



Thrust coefficlent, CT

- -]

=]

tn

o

Power coefflcient , Cp

1 idi l i ml
ilHUI:HIIh'IHHiII"I i 2
a9 |h|i!._lﬂm'll&llihlmn Itlﬂl"ﬂtﬂ:ﬂ nrﬂululuulllhl !:]m.:
i P H B T i T et
il el T et sl T A .B
_E!HMBHIMIF’JIHNI.Blﬁﬂslﬂhunﬂ‘"*ﬂﬂﬁﬂﬁlﬁs &l dHLlFlﬁmJH l I N LI RE
28 TR b D e m"‘E!‘“'IH'IJ.M}'H.!::IH!H it H 'i.ﬁ::::.f.ﬂ gt i i
' B L 11 Hlﬂ Hh‘lill Hullﬂlﬂiﬂlﬂlfm =l§ll|[1ﬂ1HdI
.4
"" .E ' i ' i 'I“"
24 HEJIHI'HIHMEI'I Hl Wﬂhﬂdilﬂﬂlﬁlﬂﬂ“ﬂ'ﬂlﬂliﬂ Bﬂlﬁﬂﬂﬂlﬂ Ll
I 4 ARG s B R 1 L e G 28 1L
Hﬂi!!lﬂﬂl | ;.ihﬁﬂl J W&Hﬂﬂﬂﬂﬁﬂﬂﬂﬂlﬂﬂﬂl%ﬂﬂl
1,0
iﬂﬂﬁ "lﬂﬂﬂ i
T (il F'IHINF'IIUlHI"IIIIUHI“M]MENM!IIIHHIEMIHJI N g
: 1 lﬂlglﬂ:‘.ﬂﬁillﬂ.ﬂmigﬂﬁﬂlﬂﬂﬂmllllﬁ il i
”’1 II. wll et At R IER e B R
IIH-HHIH'" Iﬁﬁsﬁim‘.‘}ﬁiiﬂhlllﬂllﬂﬂ N i Al b1 RIS .llHiIH! m{mwlﬂllﬂlﬁﬂlﬁhlﬂﬂ
1.2 : !lh H!H‘“.!lnllllllﬂlﬂ'l"“ 'hllui..lﬂ Eurull ..“ : ‘ :. :'H]"mﬂl.h-llmul:::u i BrH
‘ THEHE ra ] A : 'HFﬂiHﬂ!ﬂi{{Eﬂlhﬂlﬂwmﬂ H{IIHE].H.'IH'H
H!:il?'lﬂ!!lll"lIJ't.H:H'.u“,JI'|"' X mﬂll'lll ‘”"ll'ﬂlﬂlﬂl“lﬂﬁ*. i i HIRRHHH
's'llulul Jllﬂin”l’.ﬂllﬂ”iﬂl Hl‘“.illﬁE'#.!lih.‘u.i'i"lllih“l Ik TN l, ﬂﬂh HiltlH |
8 taliite e ] S, LA ot A i !-;!Hl!ll?!éi!lﬁl HiRE - 4
" T R ‘"“ﬁl lllHHIIlil'ﬁl'l'Flrﬁ"‘llllﬂiﬂﬂl‘;‘:I | L PR "l'_' L
I A B HEI:I{EJJW"HHIIIII& i . TR kil
'L.lhlﬂ_d‘l IR e SR SR A AR U 6 N et
a SR W R A "'J' it Sl i i 5
: I mlllﬂdﬂﬂ'}llﬂﬂﬂlﬁ.“"' R i Wi ] in
el HH.III:!ILP".H.MF'i'iI:H |"'|Jl|'=:.fﬂl. i?'.lﬂ i .:ll ﬂ:
RIS B IRt o AR Al iArals
0 i i IH;”'W L'u|uui'm'ﬂ'ﬁﬂ|ﬂﬂmﬂl J::ﬂ thllmuumllﬂlm:”:ﬂhl 'uhl|u|1|rin|h:“unnlulullllllhhllum::l m: ﬂﬁlF n.ll
24 28 32 36 40 44 48 52 58 60

Advance -diometer rafio, J
(g) M = 0.80

Figure 7.- Contlnued.

Efficlency, 5

ETDNGY W VOVN

419



tn »

Thrust coefficient, C
n

Power coefflcient , Cp

36

3.2

28

3

i
<o

o

o

43 48 52
Advance -diometer ratio, J

(h) M = 0.8%4

Flgure 7.~ Conecluded.

56

60

Tip Mach number, M;

Efficlency, 3

1S

CTORCY WM VOVM




=
8 32 é
<
5
7 28 £
.
E
6 24
57 &
E -
25 20
E &
3 | %
-4 818
g
g g
& t
3 12 -
e
K4
o
(™
l2 IB m
I 4
¥ e
0l— Ei:lm it i ! ! i 0
4 X 4 B8 12 16 20 24 28 32
Advance - diameter ratio, J
(a) M = 0,15 (b) M = 0,20

Figure 8.- Positive-thrust characteristics; NACA 4-(5)(05)-037 eight-blade, dual-rotation propeller,
AR = optimum, apinner A.

3
N
:
&
&
&

W
|




36

W 'iequiny Yoo dil
o o <

NACA RM A5LG13

& ‘ Kouspyyy3
o aqQ w0 < o <

48 52 56

44

40

J
d

36
inue

3
.40

2
diometer ratio
= (

(e) M

28
Adwvance
Figure 8.- Cont

24

20

6

o~
—
0 o @ < o @ o = o%
() 3 o ol ol - -
do ! Jusioljens Jamog
m ] M~ o w0 < 2] o - o

1o * jusppjeos jsnn



Thrust coefficient, Ct

9, 36
8| 32
7 28
6 a 24
(& ]
5] §20
(3]
&
3
4l 8.1s
:
3 a2
2 8
A A
ol— ot ' i i il

L2 16 20 24 28 32 36 40 44
Advance - diameter ratio, J

{(d) M = 0,60

Figure 8.- Continued.

Tlp Mach number, My

Efficiency, 7

ETOHCY WY VOVN

il

6¢



4o

‘W faequnu yoopy dit
N 0 <

& * Kousolyya

NACA RM A5LG13

Ccn
<
<
4
o
& N
»
o
|3
L]
] =
L
&
L -
o
mn

-

oo 5
ol b

B g

i q
o~ +3
3 8

.m S

] —-
mm o

{

-]

2 5
< o
3 ey
o <
< S

[ 1
=
—
@

[{2] o < (o]
w3 i n o w 2 =

d3 ‘-jus|o|}jeod Jamod
LY «Q ~ «Q ) <, ” N =)

19 ueo)jeos ysnayg

oy



2]

tn

Thrust coefficient, CT

Power cosfflcient , Cp

28

24

N
o

o

44 48 52
Advance - diomefer ratio, J

Figure 8.- Concluded.

(h) M = 0.8k

Tip Mach number, M;

Efficlency, o

L9

CTDHGY WE VOVN

H




8 3.2
7 28
6 24
57 &
E 5| €20
E K.
3 %
24 8ue
é 3
E 3
&
3 i
2 8
1 4
ol— o

Figure 9.- Positive-thrust charecteristics; NACA 4-(5)(05)-037 six-blade, dual~rotation propeller,

20 4 28 32 36 40 44 48 52 56 60 64
Advance -diometer roaiio, J

(a) M = 0.60

AB = 0-80, BPiD.HEI‘ A-

eh

Tip Mach number, My

Efficlency, n

3
-
2
5
8




NACA RM A5L4G13

‘W ‘asqumu yapp dii
<

o

D = =
==t

40

= B g

Lot
Lyi== = SRR
. = e I
= e

o5 =2 o

) Q

d9 © JusID}e0d lamod

«Q

Bl

<

g
T
o5
= = = =]

68

64

6.0

56

48

a4

Advance -diometer rafio,

5.2

40

36

.0

«© Q <
10 * juepolye00 Jsniyl

32

(b) M = 0.TC

43

Figure 9.~ Continued.



tW *saqunu yoop diL b ¢ fouspiy)3
N - < Q o o o

o Feed
il
o
- =
..._
] (e . 1
o i :
T d 3 9 o 3
£ = rg e e - A
= L7 P Sl - fh i1 = Wl
- = T 5 ™ T E2 ot
T, T = 2 =] T
- = — <E=
1. 7 i M P9k =
g =5= c e 3 | =
L a5 xS
R = 23 oy
A 521 el ey 0 = E} %
] SEn Tct i En “¥-
o =
e CH 4 N
£ — 'Y
I X T e = b
- -l“ 2 ) ..h : ” =T
Ty = = = —r =
SE, 3 = = e o e 1 -
T = = ] sk N2y o Ay g 3 - B
BE o5 TR e ey
i il N 3
= . = rr e o -

36

-
2. s

o < o w o o
o o o - -
ds * Jua10)}900 Jamog

32

NACA RM A5LG13

56 60 64

5.2

48

Advance - diometer ratio, J
(c) M =0.75

44
Figure 9.- Continued.

40

36

2B 3.2

24

«Q M~ w L1 < " o
19 * ejoyyeed syl

we Ny



Thrust coefficient, C

Power coefflcient , Cp

F"I,*.Ehl ""Ig ‘H!’;,MI' dilhh: I|lllmlll“' iili
: i

H lﬂl lmm.l uidy

][ s i
MG A | i%t-.l.liﬂmm‘lﬂ "'UHIE

'*I‘l!:!bl.][ el i IHm‘ﬂ*I'ihn!
HHJ il s ""HTH!IF.‘JBFII[HIHHI""E{I
e R TR
]H.'HHIHJ!'!IIEHJIH'H&HHI!E"HliliHlli'ill.LJI Sl RN

et n}[l"llﬂ'ﬂ B
ﬂfl

T ki ‘""imll!lx.,r' q

'Iﬂlﬁ,...lli’lilﬁllﬂllili i HII:t!IH.Hi
i i

ll ul
| [k
i iR
”ﬂull i H "H

cth umlJIrnInL”im'i i "H"ill'"" !hl Hiti I::||J:iul‘|hmm”uﬂ| Iuumlu

28 3 2 3.6 40 44 48 52 56 60
Advance -diameter ratlo, J

(a) M = 0.80

Figure 9.~ Continued.

Tip Mach number, Mg

Efficlency, 7

ETDOHGY WY VOVN

¢




|i 1 H ; T [
8| 32 et T
| : |
7 28 : : |
JE B E IR e o
6 24 sl e

o

2.0 B R i

FY

i-G.-p;..' el T e PR

Thrust coefficient, Ct
Power coefficient , Cp

A ! 1 |
Ljhits i
7 ' [ 1 KE( 3 1 il
3 L2 oo I o O i 811 :".'J ; i
"lt! l_:ElT" H I- <
oo fE i 1.5-' 8l i
2 B TR e PR )
“hir Bl S Rai i
N S ! !
S N
! 4 B N e HLGR
S W R R :
—;ﬂ:ﬁ T rﬁ' i i 5 I 1 L T
e H!: '.: A n h H k]
0 0 T t EHHHH 0

32 36 40 44 48 52 56 60 37 36 4p a4
Advance - diameter ratlo, J NGRS
(e) M = 0.84 (£) M = 0.90

Tip Mach number, M,

Efficiency, n

ETOMSY WH VOVN




WLt mi.ll.LId'llI}uzlrllll:lﬂUEll'"' Mﬂlﬂibliﬂlll
lm' |u;amw||u fnhlillujululn xmhlll |I I| m&-ﬂlﬂhl IJ

B I [l A &.l'ill; lﬂL il

S H'”“*MI"‘_!I_,_!H:EL‘!'fl, I;'Hli.!hii.lﬂll—.: e D |II'I‘IL1

e (] B IHHH!HE'LHWuﬂlﬂﬂﬂmﬂlﬂﬂﬂ.{ﬂ“ﬂhw{uJ‘I!H‘
) 2 e T mmm.."‘”“”':!!

e Mok A ] ﬂill‘ﬂﬂ IEH m..ﬂlll‘ullhﬂl lﬂlﬂl'] i H'!Jﬂﬁﬁﬂﬂildlmmiﬂd

i "Hl'ulm leinll ?»1"! i “I | : Iurl IIIIIT}QIII:]HIINP"[ i!“ | uuu

IHIIHIIU‘IHHHEHEII' ﬂq"%iu iilc!l i A '

B
IEA S s o s e
i 0 i lnﬂﬂauifﬂi}!]'!mlhﬁ i;ildim!lihlﬂﬂ bmlmPumtwlmmJﬂnmmi'uulmummmm

3
[
2
&
a

E
E

tn .
Tlp Mach number, M

G 2.4 | Hui IHillm ul( ll.ullulm “il .u ii iuﬂ":« i':‘“q:ﬂli'"l:iu' i “xl|H’|Jh|ll”’”u”:::!uﬂ

& a i 1l .ﬂ !H.lﬂ!fllﬁﬂﬁﬂ:h\..nmm.‘.umuE‘ ) T i LS e
A o EiLIL, e j ! i :..IHh’iIIﬂIH AR G e e .:I Ifi.: lf'!iH!:I.‘i;'lllli{l.!ﬂﬂ:fﬂldilﬂlil

£ - i ll'llillH.llLﬂl Iu[l‘l‘lhﬂllhh“'u N ET Y . idﬂﬂlﬂlﬂilﬂﬂﬂ!lﬂiﬂulﬂﬂ'ﬂ’ R UK HIHIH i A
S gl B o BB RNG '.li.liluhlliﬂliﬁ_ iR R IHII:Ii!’IfuIiL.ll'l}Ik R P11 it R IS
K 2 'IJ’HJIﬁlﬂlﬁhdlﬁlﬂﬂﬂlﬂﬂllflﬂlll KBt }I Ild.'!lltllnl Aty HHII.,F".J\“[]:H EHL IIﬂilﬂh‘lu.lgi.llﬂﬂlﬂﬂlllﬂl"iﬂﬂﬂ.lﬂ' il
& 2 ki Iu..‘.;lifiiiﬂflf‘m I.L'.il.. (it f'lil"" Hl AHH IHHII ikl ! h'i: R A e R iR Illﬂ‘l HﬂHlli'ﬁlﬁi!M llTH ki
o S I R (it it Rl 34 ' A | Tl i :I:::" mlﬂhﬁﬂllﬂﬂh "&EF-E'H‘;;'IH.'—I‘HI il el T
N 4 9 6k !L'Ei:iﬂ.ﬂﬂﬂl!uﬂhdlﬂﬂ !tm “‘II|f|_f|R"lIi:ﬂ'lﬂ.I’:Jl"IH.E"H!IIlii_l‘ LT 'I H!Iﬂ"]lﬁ’flﬁllh’:ﬂlhi 8
1 R HH L A T . 1
2 $ gl i!iiiilh.ﬂ"”hlﬂlﬂﬂﬂﬂiﬂulmw L'lH'li'i"'h“'HHiHIu L il
= 5 Al nﬂlﬂﬂﬂﬂlﬂiﬂtﬂlﬁﬂﬁﬁﬁﬂlﬂm N B

3 1.2 (R H..fﬂ!i*h.ﬂfuﬁf.ﬂﬂIJi'ﬂiﬁﬂlﬂ’l”‘”’ et Tl ;J 6

i!ﬂﬂilﬂil"lli'ﬁ' IR W[ﬂﬂI’@"&‘lhilF‘ﬂE“%‘WHI'II[EHnII |

h
=Xzl
-“-_3'-
E

| .lILJIi:.'I !LIIH’WI‘III:HH MIMMIIIHN IHIIII Bt hhalizl
b ) E}HI' Iﬂlﬂﬂ HEN i
2 8 M"!a'lﬂ"ﬂilﬂtﬂﬂﬂi" "EHE .JLIH‘HJL.EE:‘Z’L.EJ.&I'
' [ R M I

]

; 'l.'E.i.‘ .‘!.4‘1 #Hlﬂ'”’ﬁﬂﬂﬂlh." llﬂ f&ﬂummmm:muuum N
HEHIHICE NI B ilﬂ:’fﬁﬂﬂﬁﬂﬂﬂl[‘ﬂlﬂllﬂﬂﬁﬂﬁmﬂ -

.I ll.“.!!'l.ll‘ﬂlHJHHHIIEEER‘IK—IHLW’HI!NL"HI il ﬂﬂﬁlilhihlllﬂl'l“d'
ﬁﬂl ﬂ I AR AT
dl’k!!llﬂlﬂlllﬂﬁ' Al HHIHH!IIHI:.HI" (il iﬂ.’EIIE‘.,HIa'h.,.JﬂII%
L i )

=T

] I
el AU AL A RIS s ‘
ol— o R AT 4 BEE
28 3.2 36 40 44 4.8 28 32 3.6 4.0 4.4 4.8 52
Advance - diameter ratlo, J NG
(a) M = 0.60 (b) ¥ = 0.70

Figure 10.~ Positive-thrust characteristics; NACA 4-(5)(05)-037 six-blede, dual-rotation propeller,
A = 0.8° » Spinner B.

in



Thrust coefficlent, CT

9 36

8| 32 i
' 28
S a 24
(&)
5| §20 : .
S
E t
4 © 16
s
z
& : \
3 2 [ e
2 | oL 17 t'
i nr:’. ] EX i
I .4 " .‘ ""‘ 11 ! !.l ‘I
3 it B . X
0 I 0 B rem 1 - ot R £
2.8 44 48 52

Advance - diameter rafio, J ' v
(c) M = 0.75 (a) M = 0.80

Figure 10.- Continued.

Tip Mach number, M;

2
8
I
&
G
2




Thrust coefficlent, Ct

28

= n n
(=) (o) ¥

Power coefficlent, Cp

i

RilTHI Sk R et
I|| _.!_:ﬂ|'|..il'l'lli‘*'ilﬁ:!mllE.Llllﬂllil‘lil
il i oo b R L e
.,.H.JI Ik dl.!.i'.iu'.i!il Rt !'Ji!l?i!l'“l!ﬂ.
T N iﬂl‘.!ﬂﬂ
"Iu-.“l“d"“"lﬂ llllllllll li“H u‘i
[ Sy ilh'hlﬂll i
il R BN T
Aheti LIS

HHE L K N e

il w"mm
L
1Rl

i Wﬂ.t!ql_lﬂgdlﬂiﬂdl
m|'il| '"ﬁ'!iﬂ-;"ijl,i Utﬂ .

"-='

i
TR ::::IL.I.
A
.TEL!LHI!IEIH“’H ﬂ.'i!hall:h. L.iﬁﬁu*.dl a.l‘ ’Iu
wmmn LS I
l|¥u£l[luﬁl.”uu & iRiTHH iHE
36 40 44 48 52

LTI e =
Gt el

28 32 36 40 44
Advance -diometer rafio, J

Figure 10.~ Concluded,

Tlp Mach number, My

Efficlency, 9

ETDRGY WS VOVN

61




‘A “soquinu Yoo dip L * Kauspiyy3

NACA RM AS54G13

d) ¢ Jus10134209 Jamod

13
1.2

[++] ~ 0 n < M ol —_

.._.o ‘ JuUaI91$1900 Jsniyy

LI
1.0
o

50

S

48

4

4
-diameter ratio

40
Advance
(a) M

36

3.2

8

J

0.60

(5)(05)-037 eight~

s Bpinner A.

NACA L~
= 0,8°

.
s

A8

Positive-thrust characteristics
blade, dual-rotation propeller,

Figure 1ll.-



51

NACA RM A54G13

‘N “saquinu yooW dil

o

@

< Q 03] 0]

b * fousoiyya

< o

R Wi ] I 1
i [ LT ) il 1 fitt i
) 1M i 1 o (DB
+ i
Hi T ! ; [iNe BRI
} tHih 1 H
h A ) in;
_ .— _ i 1 ._ +
; Al i Hilih i adlil
) & ! # ' ] | i
B i | i Eflalr i
R ' it 3
5 1 } K N h H i il
Uh ! i ! 1 ! T
_~ H _._,».. ) | _ .“ B .-_.
i 'l
Hy i ! I il Wil Ll
H : b1 A1 B |88 H]
i ' ! | i 1 il
+ il i HiBHiL k i 5 i
1l; { 1 i JEEH Bl
| il 1l
h 1 tilii i ¥ H] LI N T
| i Wbl HE ! HEL \ b
S it [
H i ! - H
Hhtihe i 14 TR l BRAIR B et ]
i ; ] i qfh [ i ] 1A i i
| 3 ; i L i ; i i | e R e A R A B e e S A Rt
H HiliEalL LR = STHRTEEHIR R QAT L L1130 HAE R R DG R !
Sl IERNIEIR j | i il st R il i e e i !
i p f i EHITE 1514
N o o« o © o © < o © o © <
[Te) < < <t 12} M o o o - -
d9 ¢ Jua|9y)ja00 Jamod
i o = ) o o ~ © 10 < m o -
Lo ¢ Juajopge00 Jsnayy
»

56 6.0 64 68
Advance -diameter ratio, J

5.2

4.8

44

40

(p) M = 0.70

Figure 11.- Continued.



52

Thrust coefficient, C1

®

)

[

o

Power coefficient , Cp

5.2

NACA RM A54G13

d T - = = s
RETRITHE X St o £ =i Arma 2~
a8 BB i 6 B o ]
g EE} 2 2 3 T L _g
3 i B 12138 1) HH 2
; = dis = i 3R i 8
: e g S i o z : S
44 B S e e P e Y S
. s a Hr e =
: H S 53 28 THINE
= : = 4 o
L ; = : . = =3 e o * i_
40 B e e
; T n A o g HE
: g S =
i~ £ o 7 - + » H e
36 = i i o G Ty il =
EXing g O : g2 :
= 3 giiana iy = EE Ry
32 ¢ i i N e 2 )
= i ; F 23
o i fp ok & } 3 Fis
e ] s
28 & 2 o = s
] 15 4 It T _ : 3
B 15 = a1 B ]
= [y 1o —
! -
i R
24 Se e
5 " v
1 3 e
: AR
20 5 = 1.0
b
16 . & 8
> 1
1.2 C 6

36 40 44 48 5.2 56 6.0
Advance -diameter ratio, J

(e) M = 0.75

Figure 11.~ Continued.

Efficiency, 7

>3
]
n




o
0

by ‘saqunu yoop dil b * Kousolyy3
J ) : e 3
o)
©
©
0
- . .
-3
i
o 2 5
S & P
§ o §
L] O
TE
1
T OE
«8 <
$E — 9
2 8
o
< e
o] =5
<+
©
"
o .
o 5
= o @ % o) © o ® < o © o ® < o
a s < < < L) L] o o o - -
< do ¢ Jual0)}4300 samod
< it N - Q 0 [ N~ © 0 < ] o - o
m 19 * Jusoye00 Jsnayl



NACA RM A54G13

5k

N ‘aequinu yoop dil _ b “ Kouajoyysa

.u
2
e
o
E
]
: T
l 4 iyl < m
; i o)
©
: ko Y
; :
i : i ¥ m
g
©
: ! <
e SR : Q
HERls R ki D o <+
e ] R e : ! i
4 iy
: i .
Ry )
__ ! ! | L
: : N
o o @ < oM
Y o ol = - :
d) ¢ Jus1o)yj300 Jamod
m Y - 9 a4 @ ~ @ ®w S m W« = o

19 * yuaroyye00 ysnay)

(

Figure 11l.- Contilnued.



NACA RM A5L4G13

Thrust coefficient, C

1.3

o

N

()

(4]

Power coefficient , Cp

%m

T

R st

il
m

sl i e

(£) M = 0.90

Figure 11.- Concluded.

Tip Mach number, My

Efficiency, 7

25



Figure 12.- Positive-thrust characteristics; NACA 4-(5)(05)-Okl two-blade, single-rotation propeller,
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as compared wlth theory and with the results of a previous investigation.
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Figure 3k.- Variation of thrust per horsepower wiih power coefficlent obtained at near static conditions
as compared with the results of previous investigations at static conditlons.
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